Purpose of Review This article aims to review the thoracic paravertebral block by discussing the relevant anatomy, and landmark and ultrasound-guided techniques. We will compare analgesic efficacy to established neuraxial techniques as well as discuss the complications.
Introduction
The paravertebral block is a regional anesthetic technique that provides ipsilateral anesthesia and analgesia resulting in somatic and sympathetic blockade in a continuous dermatomal manner. It was first performed in the early 1900s with the aim of providing analgesia for abdominal surgery, but its use was subsequently adopted in a variety of non-surgical conditions such as angina pectoris, herpes neuralgia, and analgesia for fractured neck of femur [1] . It is now an established technique and can be used to provide analgesia for acute and chronic pain conditions of the thorax and abdomen [2, 3•] . The benefits are well documented [4] with analgesic qualities comparable to epidural anesthesia, which is often seen as the "gold standard" for analgesia of the thorax and abdomen [5•] . The block can be performed unilaterally, bilaterally, as a single injection, or with a continuous catheter technique. Before the use of ultrasound, the landmark technique was adopted, but this has more recently been superseded by ultrasound-guided techniques. Although lumbar paravertebral blocks have been performed for abdominal procedures [3•, 6] , there are uncertainties regarding the existence of the lumbar paravertebral space, and the block is most commonly performed in the thoracic region and are hence termed the thoracic paravertebral block (TPVB).
As well as favorable acute pain outcomes, evidence is beginning to emerge regarding the benefits of the TPVB and long-term chronic pain [7] and the ability to utilize the technique in order to avoid general anesthesia [8] . Furthermore, the role that anesthesia, particularly volatiles and opioids, plays in cancer cell biology and ultimately tumour metastases and recurrence has begun to be evaluated [9] [10] [11] . Therefore, the role of local and regional anesthetic techniques might become more important as further evidence emerges.
This article aims to review the TPVB by covering the anatomy, landmark and ultrasound-guided approaches, analgesic efficacy, and complications. Furthermore, it will aim to summarize novel techniques to accessing the paravertebral space (PVS), the so-called paravertebral by proxy techniques [12•] .
Anatomical Concepts
The anatomy of the paravertebral space is classically described as being wedge shaped which runs continuously and bilaterally from T1 to L1, lying either side of the vertebral column. It is a potential space containing fatty tissue within which lie the intercostal nerves, arteries, and veins, accompanied by the sympathetic trunk (Fig. 1) . The apex of the wedge lies laterally and communicates with the intercostal spaces. The base of the wedge lies medially, adjacent to the thoracic spine, between the lateral border of the vertebral body and transverse process. The dorsal and ventral roots of the spinal nerve pass through this border. The posterior border of the paravertebral space is formed by the superior costotransverse ligament (SCTL) which runs between the lower border of the transverse process above and the upper border of the rib below. A group of costotransverse ligaments offer stability to the rib cage [13] and consist of a number of sets of fibers. The ligament is said to be porous in nature due to gaps at the medial or lateral borders [14] or fenestrations in the ligament itself [15] .
The posterior musculature is important to recognize, especially as these are the focus of newly described fascial plane blocks [2] . The erector spinae, rhomboid (T2 to T5), and trapezius (up to T12) muscles all sit posteriorly to the transverse process. An antero-lateral border is formed along the line of the parietal pleura underneath which sits the lung. The psoas muscle at the level of L1 is thought to be the lower border of the space [16] , although this inferior border has been disputed by evidence of somatic blocks achieved as distal as the level of L3 [17] .
Landmark-Guided Thoracic Paravertebral Block
A number of techniques for thoracic paravertebral block have been described [18] [19] [20] but the "classical" landmark-guided TPVB technique was comprehensively summarized by Eason and Wyatt in 1979 based on anatomical landmarks [18] . They performed over 25 single-injection and over 50 continuous catheter block techniques with good analgesic results and reported one accidental pleural puncture and three cannulations of a blood vessel with the catheter.
The block can be performed with the patient in either the sitting, lateral, or prone positions. A needle, typically an 80-mm, 16-G Tuohy needle, is inserted at 90°to the skin, approximately three centimeters lateral to the midline of the spine, the palpable landmark being the superior aspect of the patient's spinous process. Contact with the transverse process is felt and then the needle is directed either cephalad or caudad and advanced beyond the transverse process to breach the SCTL. Eason and Wyatt used a syringe filled with air for a loss of resistance technique, although saline can be used [21] . A "pop" or a "click" is sometimes felt and the change in resistance has been described as being subtle, unlike that felt during epidural insertion where the ligamentum flavum offers more robust resistance, and complete loss of resistance might actually indicate pleural puncture [21] .
Once the needle has entered the paravertebral space and no blood, cerebral spinal fluid, or air is aspirated, a catheter can be threaded or a bolus of local anesthetic administered. Eason and Wyatt achieved four dermatome-level spread with a single injection of 15 mL bupivacaine 0.375%. The authors recommend a volume of 20 mL and a long-acting local anesthetic, which is in accordance with published studies [22••, 23] . Catheter misplacement with the landmark technique is common, and this can lead to the failure to provide analgesia. Examination using fluoroscopy has shown catheter tips in the erector spinae muscle, the epidural, interpleural, and paravertebral spaces [24] .
The needle may also be inserted using a "fixed predetermined distance approach." This is where the needle is walked off the transverse process as described above and advanced by a further 1-2 cm [19, 25] without aiming to elicit a loss of resistance. This pre-determined technique might actually result in an injection that is posterior to the SCTL. This technique is thought to help negate the risk of accidental pleural puncture and inadvertent pneumothorax.
The use of pressure monitoring has also been described [20] with the use of a pressure transducer. The pressure in the erector spinae muscle in both inspiration and expiration exceeds the pressure in the space and always remains positive. This technique can help reduce the false-positive loss of resistance than can occur and also prevent the further advancement of the needle when penetration and crossing of the SCTL might not be fully appreciated.
Thermographic imaging studies have demonstrated that a five dermatome-level somatic blockade is achievable with a single-injection technique [17] . It is a common practice to perform a TPVB at the mid-point dermatome wishing to be blocked, for example T4 for breast or thoracic surgery [21] .
Ultrasound-Guided Thoracic Paravertebral Block
Ultrasound has become an important tool in helping to identify and visualize anatomical landmarks and their depth [26] . It can also be used to aid real-time insertion which might increase block success and safety [3, 27] . Hara et al. first described the use of ultrasound for TPVB and used it to define the transverse processes and thoracic paravertebral space for real-time block performance. The needling technique described was out-of-plane, however, and the space was confirmed by loss of resistance as opposed to needle tip visualization [28] .
Since then, other approaches have been described with the ultrasound transducer probe, typically a high-frequency linear array, in either the sagittal or paramedian and transverse orientation [22••] . The approaches described use different anatomical landmarks, typically the transverse process, rib, inferior articular process, or pleura; different needle paths; and either an in-or out-of-plane approach (Table 1) The choice of technique to adopt is ultimately down to operator experience and preference; the ideal technique should be simple to perform and ensure continuous needle visualization and avoid the neuraxis. Currently, there is no evidence to conclude that one technique is superior to the other in terms of block success or the ability of the needle tip and injectate to cross the SCTL [22••] . Our suggested technique is in-plane needling with the probe in the sagittal (paramedian) orientation as this best visualizes the paravertebral space and ensures constant visualization of the needle shaft and tip. This does, however, require an acute insertion angle and longer needle path (Fig. 2) . The use of an ultrasound-reflective Tuohy needle helps to provide better visualization and tactile feedback when the tip is seen crossing the SCTL. The risk of catheter migration into the epidural space is lower with this approach as the needle is pointing away from the midline [22••] . It also should be noted that a single-level injection can provide the equivalent spread of a multi-level technique [22••] , and a total volume of 20 mL of a long-acting local anesthetic agent is commonly used. A "seeker" solution of saline can be used to ensure correct needle tip placement prior to injection of the local anesthetic.
Indications
The TPVB is most commonly performed unilaterally but it can also be performed bilaterally, provided the maximum dose of local anesthetic is not exceeded. There are a number of surgical and non-surgical indications for TPVBs, but the technique and approach remains similar (Table 2) 
Analgesic Efficacy

Thoracotomy
Many studies focus on surgery involving thoracotomies as this is where the TPVB has been most widely adopted. A Cochrane systematic review concluded that the quality of analgesia delivered by TPVB via catheter is comparable to thoracic epidural analgesia for thoracotomy, although the majority of studies included the insertion of TPVB catheters by surgeons under direct visualization [5•] . Regardless, TPVB catheters were non-inferior to thoracic epidurals for the first 24 h when pain scores were recorded at rest, on coughing or after physiotherapy. Other analyses have concluded that TPVB analgesia is equally effective up to 48 h [31, 32] . 
Abdominal Surgery
Breast Surgery
When compared to systemic analgesia alone, the singleinjection TPVB has been shown to significantly reduce intra-and post-operative opioid consumption and decrease post-operative pain scores [27, 30, [34] [35] [36] . The benefits might be seen for up to 72 h [27] . The breast has sensory innervation from the intercostobrachial, medial pectoral, and lateral pectoral nerves. These are often not reliably blocked by the TPVB which is important to note, especially if the surgery involves the axilla. In this scenario, the Pecs II block can provide superior analgesia to the TPVB alone [37] .
Chronic Post-Surgical Pain
The role in chronic post-surgical pain (CPSP) following breast surgery suggests potential benefits of TPVB, compared to systemic analgesics alone [27] . Whilst there may be a signal that CPSP is reduced following breast surgery with TPVB [27] , and might reduce symptom severity [38] , there is a dearth of high-quality, adequately powered studies to make definitive conclusions in different patient populations [5•] .
Complications
Despite the TPVB being performed for a number of decades, it was not until the 1990s that the failure rate and complications were prospectively studied [39] . Up to that point, complications, particularly vascular puncture or pneumothorax [18] , were poorly investigated. However, systematic reviews and meta-analyses have been conducted [3•, 5•, 27 ] to clarify the safety of TPVB. The definition of "block failure" varies in the published literature. These include higher than expected pain scores [39] , no block on dermatomal testing [39] , the inability to access the PVS [5•, 27] , or "block failure" as a general term for failure of surgical anesthesia [3•]. Many studies do not comment on systematically assessing for block success.
The landmark technique failure rate appears to be higher than the ultrasound guided [3•, 27] with quoted rates between 1.98 and 5.6%. The loss of resistance approach failure rate is reportedly higher (5.2%) than the pre-determined distance approach (2.3%) [3•] . Failure rates in the ultrasound-guided approach are lower (0 to 2.3%), although the case numbers available for analysis are smaller [3•, 27] .
The reported complications rates are low in both the landmark and ultrasound-guided techniques, with hypotension and epidural spread reported as 2.1% and vascular puncture, Table 2 Common surgical and non-surgical indications for TPVB
Surgical
Non-surgical
Chronic post-surgical pain ▪ Post-herpetic neuralgia [29] [42, [45] [46] [47] [48] [49] [50] [51] Mid-point transverse process to pleura block (MTP) [43, 52] Retro-laminar block (RLB) [53] [54] [55] Intercostal paraspinal block [56, 57] Transducer position pneumothorax, and nerve damage all less than 1% [27] . A retrospective review of 1500 ultrasound-guided blocks reported no cases of accidental pleural puncture or symptomatic pneumothorax [40•] , although prospective data is distinctly lacking and therefore no definitive conclusions can yet be made. Short-term post-operative outcomes such as respiratory complications, re-admissions to intensive care units, or length of stay also appear to be similar between TPVB and thoracic epidural analgesia in thoracic surgery [41] , although, once again, definitive conclusions cannot be drawn from this retrospective data as yet.
Paraspinal Techniques
The availability and use of ultrasound has given alternative approaches the TPVB. Integral to the ultrasound-guided techniques is the desire for the needle and the local anesthetic to cross the SCTL. However, a number of new techniques have successfully achieved paravertebral spread and thoracic nerve blockade without the needle actually entering the space [42] [43] [44] . These have been described as being "paravertebral by proxy" [12•] . A number of paraspinal techniques have been described (Table 3) ; the erector spinae plane block [42] , the mid-point transverse process to pleura block [43] , the retro-laminar block [53] , and the intercostal paraspinal block [56] ( Table 3) . These innovative blocks have challenged the notion that TPVB can only be achieved by injection within the PVS [58] . These blocks may achieve local anesthetic spread to thoracic spinal nerves through the connective tissue and gaps that surround the PVS [42, 43, 45] , without the need to enter the PVS [2, 42, 43, 59] . These blocks avoid needle placement close to the pleura and neurovascular structures [53] and may increase the utilization of regional anesthetic techniques [60] . The evidence base for many of these techniques remains limited, but is an important avenue of investigation.
Conclusions
For many, the thoracic epidural remains the gold standard for analgesia of the thorax and abdomen.
However, there is growing evidence to suggest that the TPVB offers at least non-inferior analgesia and failure rates. Furthermore, the low complication rates and the ability to increase block success with the use of ultrasound make the TPVB an increasingly appealing technique to perform. The paraspinal approaches are being described and although we are currently unsure to their exact mechanism of action, their discovery might represent a novel way of indirectly accessing the paravertebral space.
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